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Q (57) Abstract: There is proposed a technique for determining an estimate of interference power, in the receiver of a communication 
system utilising adaptive antenna techniques. The technique uses information transmitted in the antenna signals and in the beam 
^ signals to determine the estimate of the interference power. 
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INTERFERENCE POWER ESTIMATION FOR ADAPTIVE ANTENNA SYSTEM 
Field of the Invention 

The present invention relates to a technique for estimating interference power in the 
receiver of an adaptive antenna system, and particularly but not exclusively for fast 
5 power control purposes in a mobile station receiver in a mobile communication system. 
Background to the Invention 

In wide-band code division multiple access (W-CDMA) systems, precise power control is 
one of the basic requirements for high system capacity. Transmit powers in the down-link 
should be kept as low as possible in order to minimise interference, but high enough to 
10 ensure the required quality of service. Furthermore, in the downlink, it is desirable to 
provide a marginal amount of additional power to mobile stations at the cell edge, as they 
suffer from increased other-cell interference, 

Even though a relatively slow power control algorithm is able to compensate for large- 
scale attenuation, distance attenuation and shadow fading, a fast power control algorithm 

15 is needed, for multi-path fading for slowly moving mobiles. 

In the forward link, i.e. the down-link, of a wide-band code division multiple access 
(WCDMA) system, the inner-loop power control adjusts the base-station transmit power 
in order to keep the received down-link signal-to-interference ratio (Sill) at a given target 
level (at the mobile station). The SIR target is defined according to the quality 

20 requirements. For reliable SIR estimation, narrowband estimation (after de-spreading) 
has to be employed. This is important especially in the down-link direction of the W~ 
CDMA system because of the usage of orthogonal channelization codes. Tight delay 
requirements of the power control demand that the SIR estimation has to be obtained on a 
slot-by-slot basis. 

25 The SIR estimation is divided into: a) signal power estimation; and b) interference power 
estimation. 

In the forward link of a wide-band code division multiple access (WCDMA) system, a 
primary common pilot channel (P-CPICH) is broadcast over the entire cell or a sector. 
The P-CPICH is broadcast also in the case of a multi-beam arrangement (multiple beams 
30 per sector) and in the user specific beamforming. Therefore there always exists one such 
channel per sector regardless of the applied transmission scheme. 
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In the case of single antenna transmission, the interference power estimation is currently 
performed based on the primary common pilot channel However, when utilising 
adaptive antenna techniques the dedicated channels are usually transmitted through a 
narrow beam, which means that the P-CPICH and down-linlc physical channels (DL- 
5 DPCH) experience different channel characteristics in transmission to the mobile station 
antenna. Due to that the fading of DL-DPCH can be almost uncorrected compared to that 
of P-CPICH. Tire correlation depends on the angular spread of the radio channel (seen 
from the base transceiver station). 

In current known systems, the down-link dedicated physical control channel (DL- 
10 DPCCH) is used for power interference estimation for the DL-DPCH (beam signal) in 
adaptive antenna systems because of the fact that the P-CPICH (antenna signal) does not 
usually experience the same channel characteristics on transmission to a mobile station 
antenna. 

It is an aim of the present invention to provide an improved technique for estimating 
.15 interference power in the receiver of an adaptive antenna system. 
Summary of the Invention 

In accordance with one aspect of the present invention there is provided a method of 
estimating the interference power in a receiver of a communication system having an 
adaptive antenna transmitter comprising: receiving a beam signal; receiving an antenna 
20 signal; and estimating the interference power of the received beam signal based on 
information received in the received antenna signal. 

The antenna signal, in this context, is the signal that is broadcast for many users 
commonly (transmitted over the entire sector) whereas the beam signal is a user specific 
transmission (a group of users - specific transmission in the case of multi-beam system). 

25 It is also possible to generate the antenna signal by transmitting it from all the elements of 
the antenna array. The beam signal is generally transmitted over a part of the sector. In 
the case of adaptive antenna transmission schemes, the so-called antenna and beam 
signals can experience different channel characteristics on transmission to a mobile 
station antenna.The step of estimating the interference power may be further based on the 

30 received beam signal. The antenna signal may include a common pilot channel, the step 
of estimating interference power being based on signals received in the common pilot 
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channel The beam signal may include a dedicated channel, the step of estimating 
interference power being further based on signals received in the dedicated channel The 
communication system may be a W-CDMA system. The antenna signal may include a 
primary common pilot channel The beam signal may include a secondary common pilot 
channel. The step of estimating interference power may utilise pilot signals transmitted in 
the primary common pilot channel The step of estimating interference power may utilise 
pilot signals transmitted in the secondaiy common pilot channel The beam signal may 
include a dedicated physical channel The step of estimating interference power may 
utilise pilot signals transmitted in the dedicated physical channel The interference power 
may be estimated using equal gain combining. 
The interference power may be estimated using: 




where: 

hf c) ^Channel estimate of P-CPICH channel, / is path index 
Nc ^Number of pilot symbols per time slot in P-CPICH channel 
a} e) -~ Complex pilot symbol of P-CPICH channel, i is symbol index 
rffi = Received complex pilot symbol from P-CPICH channel 

The interference power may be estimated using maximal ratio combining. 
The interference power may be estimated using: 




Where: 

h\ d) -Channel estimate of DL-DPCCH channel, / is path index 
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N<t =Number of dedicated pilot symbols in timeslot 
aj d) « Dedicated complex pilot symbol, i is symbol index 
rff* - Received complex pilot symbol from dedicated channel 

The invention further provides a method of estimating interference power in a receiver of 
5 a W-CDMA communication system having an adaptive antenna transmitter comprising: 
receiving a beam signal having a dedicated physical control channel; receiving an 
antenna signal having a primary common pilot channel; and estimating interference 
power on the received beam signal based on pilot signals received in the primary 
common pilot channel. 

10 The interference power estimation may be additionally based on dedicated symbols 
received in the dedicated physical channel. The interference power estimation may be 
additionally based on pilot signals received in the secondary common pilot channel In 
accordance with a further aspect of the present invention there is provided a receiver of a 
communication system having an adaptive antenna transmitter comprising: first input 

15 means for receiving a beam signal; second input means for receiving an antenna signal; 
and estimating means, connected to the second input means, for estimating the 
interference power of the received beam signal based on information received in the 
antenna signal. 

The estimating means may be further connected to the first input means, for estimating 
20 the parameters based on information additionally received in the beam, signal. The 
antenna signal may include a common pilot channel, the information being received in 
the common pilot channel. The beam signal may include a dedicated channel, the 
information being additionally received in the dedicated channel. A W-CDMA system 
may include such a receiver. A W-CDMA system may include at least one mobile station 
25 including such a receiver. The antenna signal may include a primary common pilot 
channel. The beam signal may include a secondary common pilot channel. The 
estimation of the interference power may utilise pilot signals transmitted in the primary 
common pilot channel. The estimation of the interference power may utilise pilot signals 
transmitted in the secondary common pilot channel. The beam signal may include a 
30 dedicated physical channel. The estimation of interference power may utilise signals 
transmitted in the dedicated physical channel. 
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Brief Description of the Figures 

The invention will be best understood by way of example with reference to the following 
Figures in which; 

Figure 1 illustrates exemplary W-CDMA base station cell utilising different transmission 
5 schemes in each (three-sectorized configuration);, 

Figure 2 illustrates in block diagram form elements of a receiver necessary for 
implementing the present invention; and 

Figure 3 illustrates simulation results comparing the technique of the prior art of that of 
the present invention. 
10 Description of the Preferred Embodiment 

With reference to Figure 1, there is now described an example of multi-sector W-CDMA 
cells with respect to which the invention is illustrated. The invention is not, however, in 
any way limited to such a specific example. 

A plurality of mobile stations, or user equipment roam within the cell. For example, as 
15 shown in Figure 1, mobile station 130 is connected in cell 106, mobile station 132 is 
connected in cell 104, and mobile station 134 is connected in cells 104 and 108. 

The base station cell 102 is divided into JV sectors, where N~ 3 in the example of Figure 
1. 

As exemplified by sector 106 of Figure 1, each sector can be divided into either K fixed 
20 beams or steerable (user specific) beams using a base transceiver station 1 12. The beams 
116 represent the secondary common pilot channel, the beam 120 the down-link 
dedicated physical channel, and the beam 1 1 8 the primary common pilot channel. 

Sector 104 of Figure 1 illustrates the traditional single antenna transmission scheme 
utilizing a base transceiver station 1 10. The beam 120 the down-link dedicated physical 
25 channel, and the beam 1 1 8 the primary common pilot channel. 

Sector 108 of Figure 1 illustrates user specific beam-forming using a base transceiver 
station 114. The beam 120 the down-link dedicated physical channel, and the beam 118 
the primary common pilot channel. 
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Figure 1 thus illustrates the CPICHs needed in the different transmission schemes, and 
the DL-CPCH of a single user. 

For the pmposes of describing the present invention, two of the three base transceiver 
stations of the example of Figure 1 use adaptive antenna techniques for communicating 
with mobile stations in the various sectors of the cell. The two sectors utilizing adaptive 
antenna techniques are sectors 106 and 108. Adaptive antenna techniques are well-known 
in the art, and the present invention is not directly concerned with any specific 
implementation details of such techniques. As a skilled person will be familiar with, 
when using adaptive antenna techniques the base transceiver station 100 transmits mobile 
specific data to a mobile station through a narrow beam. 

The W-CDMA specification defines three different types of pilot channels in the forward 
link for an adaptive antenna system. These pilot channels are: 

1 . P-CPICH (Primary Common Pilot Channel); 

2. S-CPICH (Secondary Common Pilot Channel); and 

3. Dedicated pilot symbols in D.PCCH (Dedicated Physical Control Channel). 
The P-CPICH is broadcast over an entire sector in a multi-sector arrangement, and there 
exists only one such channel for each sector. The P-CPICH is used in the hand-over 
measurements and cell selection/reselection procedures. Another function of the P- 
CPICH channel, when the common channels are not associated with dedicated channels 
or not involved in adaptive antenna techniques, is to aid the channel estimation at the 
mobile station for the dedicated channels, and to provide a channel estimation reference 
for the common channels. 

The S-CPICH may be transmitted over the entire cell or over only part of the cell. There 
may be zero, one or several S-CPICHs per cell or sector. One typical area of S-CPICH 
usage is operations with base stations having multiple beams (fixed) per sector. The S- 
CPICHs are used for identifying different beams at the mobile station. 

The dedicated pilot symbols are multiplexed into the down-link dedicated physical 
channel (DPCH), They are used in signal-to-interference ratio (SIR) estimation and. are 
also used in the channel estimation. If the mobile station or user equipment is informed 
that the P-CPICH is not the phase reference and there is no S-CPICH available, then the 



WO 02/054638 PCT/EP01/1S1S5 



dedicated pilot bits in the DL-DlfcCH are the phase reference for the DL-DPCH. This 
may happen, for example, in the case of user-specific beam forming. 
In accordance with the present invention, it is proposed to use the primary common pilot 
channel P-CPICH for estimating interference power in a mobile station or user equipment 
5 in the receiver of an adaptive antenna system. 

Even though user specific beam forming is applied in adaptive antenna systems, the P~ 
CPICH must be broadcast. 

A proposed implementation of an interference power estimation technique in accordance 
with the present invention is provided hereinafter. 
10 If the interference is considered as additive white Gaussian noise- (AWGN) type, and the 
channel is maintained constant during the estimation period, the optimum choice for 
estimating the unknown variance is the minimum variance unbiased (MVU). Below there 
is presented the MVU interference estimation method in accordance with fee present 
invention. 

15 The received signal is denoted as^C and is defined as: 

x(ri) = A. + w(ri) (1) 
where A is the amplitude of signal, and w(n) is a zero-mean white noise with power 
o A .The MVU estimator for the noise power is then: 

£~E[\X~E(X)\ 2 ) (2) 
20 which can be shown to reduce to: 

* 2 = E(\X\ 2 y-\E(X)\ 2 (3) 
The expected value of (2) is 

E(a*)~-l~cr\ (4) 
p + 1 

where p is the number of samples used for estimation. 
25 The variance of (2) is : 

X 2(/>~l)cr 



v^* )m £EZSZl m (5) 
P 



When implementing the MVU estimator in a W-CDMA system, the idea is to calculate 
interference power separately for each temporal rake finger of the rake receiver (DL- 
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DPCH figner positions). The total interference power estimate (after rake combining) is 
given by combining the finger-specific estimates. This can be done for example by talcing 
an average of the finger-specific estimates (equal gain combining) or using the estimates 
of the dedicated channel for weighting (maximal ratio combining). 
5 An example of a first embodiment utilizing equal gain combining is given hereinafter: 



i Nc 



(6) 



10 




where: 

h} c) -Channel estimate of P-CPICH channel, / is path index 
Nc -Number of pilot symbols per time slot in P-CPICH channel 
aj c) Complex pilot symbol of P-CPICH channel, i is symbol index 
15 rff = Received complex, pilot symbol from P-CPICH channel 

A,n example of maximal ratio combining, in a second embodiment, is given hereinafter: 



Vh 



2 _L 

Nc ,, : 



20 Where: 

hj d) -Channel estimate of DL-DPCCH channel, / is path index 
Nd ^Number of dedicated pilot symbols in timeslot 
a\ d) Dedicated complex pilot symbol, i is symbol index 
rjp = Received complex pilot symbol from dedicated channel 



(8) 
(9) 
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Referring to Figure 2, there is illustrated a block diagram of the main elements of a 
receiver suitable for implementing the present invention in an exemplary W-CDMA 
system. 

Referring to Figure 2 there is provided a correlator bank 202, an MVU estimator 204, a 
5 combiner 206 and a filter 208. 

The correlator bank 202 acts as an input means to the receiver for the primary common 
pilot channel received by the antenna on line 210 . The correlator bank 202 provides an 
output to the MVU estimator 204. The MVU estimator also receives on line 212 the delay 
positions of the DL-DPCH rake fingers (i.e. the finger allocation of the DL-DPCH). The 
10 output of the MVU estimator provides an input to the combiner 206. The output of the 
combiner 206 is optionally filtered by filter 208. The output of the filter 208 provides the 
narrowband interference power estimate for the ith time slot. 

A link level simulation has been performed to study the performance of interference 
power estimation in the case of user specific beam-forming. The main simulation and 
15 radio environment related parameters are listed in Table I below. It is assumed that the 
beam signal (DL-DPCH) is transmitted by using a uniform linear antenna array having 8 
antenna elements. The P-CPICH is transmitted by using the first element of the antenna 
array. 



Interference power estimation methods to 
be compared 


1. MVU-estimator based on DL- 
DPCCH 

2. MVU-estimator based on P-CPICH 


Channel profile 


2-path Rayleigh 


Speed of mobile 


3 km/h 


Geometry value 


9.0 dB 


Interelement spacing of antenna array 


X/2 


Mean angle of arrival 


0 degrees 


Angular spread 


60 degrees 
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Spreading factor of DL-DPCH 


128 


# of DL-DPCCH symbols 


4 


Spreading factor of P-CPICH 


256 


# of P-CPICH symbols 


10 


Power of P-CPICH 


-10 (IB 


Operation point 


UncodedBERof0.18 


Power control 


OFF 



TABLE I 

Comparison of DL-DPCCH and P-CPIHC based interference power estimator (MVUQ in 
the case of user specific beamforming (in slot by slot basis). 

5 The simulation results are shown in Figure 3. Figure 3 shows that lie P-CPICH can be 
used in the interference power estimation of the DL-DPCH even when the angular spread 
is large (i.e. the antenna signal and beam signals are almost uncorrected) . It can be seen 
that interference power estimate obtained from P-CPICH, the central thick line in Figure 
3, follow the changes in the orthogonal interference of DL-DPCH. Figure 2 also show 
10 that that the variance of the Lestimate obtained from the P-CPICH is much smaller than 
in the case thai: it is estimated from DL-DPCCH, which is illustrated by the light- 
peripheral lines in Figure 3. This is due to two reasons: 

1. In the P-CPICH channel there are more samples (de-spread symbols) to calculate the 
MVU estimate (see equation 5). 

15 2. In the P-CPICH channel the noise variance that to be estimated is lower than in 
DPCCH channel due to higher spreading factor (see equation 5). 

Thus the present invention provides a technique in which in a preferred embodiment the 
primary common pilot channel is used in the interference power estimation, which is part 
of the SIR estimation, of the down-link physical channel. This technique can be used in 
20 antenna arrangements where beam-forming is utilized, regardless of the correlation 
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between the P-CPICH and the DL-DPCH. The performance of the proposed interference 
power estimator is not dependent on the transmit power of the P-CPICH channel. 

The P-CPICH based interference power estimation method presented herein can estimate 
the orthogonal interference of DL-DPCCH even though the two channels were 
completely uncorrelated The only restriction for the P-CPICH based interference power 
estimation described herein is that the delay positions of the temporal rake fingers have to 
be the same in both P-CPICH (antenna signal) and DL-DPCCH (beam signal). 
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Claims 

1 . A method of estimating the interference power in a receiver of a communication 
system having an adaptive antenna transmitter comprising: receiving a beam signal; 
receiving an antenna signal; and estimating the interference power of the received 
"beam signal based on information received in the received antenna signal. 

2. A method according to claim 1 in which the step of estimating the interference power 
is further based on the received beam signal. 

3. A method according to claim 1 or claim 2, wherein the antenna signal includes a 
common pilot channel, the step of estimating interference power being based on 
signals received in the common pilot channel. 

4. A method according to claim 2 or claim 3, wherein the beam signal includes a 
dedicated channel, the step of estimating interference power being further based on 
signals received in the dedicated channel. 

5. A methods according to any one of claims 1 to 4 wherein the communication system 
is a W-CDMA system. 

6. A method according to claim 5 wherein the antenna signal includes a primary 
common pilot channel. 

7. A method according to claim 5 wherein the beam signal includes a secondary 
common pilot channel. 

8. A method according to claim 6 wherein, the step of estimating interference power 
utilises pilot signals transmitted in the primary common pilot channel. 

9. A method according to claim 7 wherein the step 'of estimating interference power 
utilises pilot signals transmitted in the secondary common pilot channel. 

10. A method according to any one of claims 5 to 9 wherein the beam signal includes a 
dedicated physical channel. 

11. A method according to claim 10 wherein the step of estimating interference power 
utilises pilot signals transmitted in the dedicated, physical channel . 

12. A method according to claim 10 wherein the interference power is estimated using 
equal gain combining. 

13. A method according to claim 12 wherein the interference power is estimated, using: 
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where: 

hf c) ^Channel estimate of P-CPICH channel, / is path index 
Nc -Number of pilot symbols per time slot in P-CPICH channel 
aj c) = Complex pilot symbol of P-CPICH channel, i is symbol index 
rff Received complex pilot symbol from P-CPICH channel 

14. A method according to claim 10 wherein the interference power is estimated using 
maximal ratio combining. 

15. A method according to claim 14 wherein the interference power is estimated using: 




Where: 

ty d) -Channel estimate of DL-DPCCH channel, / is path index 
Nd ^Number of dedicated pilot symbols in timeslot 
a\ d) = Dedicated complex pilot symbol, i is symbol index 
rffi = Received complex pilot symbol from dedicated channel 

16. A method of estimating interference power in a receiver of a W-CDMA 
communication system having an adaptive antenna transmitter comprising: receiving 
a beam signal having a dedicated physical control channel; receiving an antenna 
signal having a primary common pilot channel; and estimating interference power on 
the received beam signal based on pilot signals received in the primary common pilot 
channel. 
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17. A method according to claim 16 wherein the interference power estimation is 
additionally based on dedicated symbols received in the dedicated physical channel. 

18. A method according to claim 16 wherein the interference power estimation is 
additionally based on pilot signals received in the secondary common pilot channel. 

19. A receiver of a communication system having an adaptive antenna transmitter 
comprising: first input means for receiving a beam signal; second input means for 
receiving an antenna signal; and estimating means, connected to the second input 
means, for estimating the interference power of the received beam signal based on 
information received in the antenna signal. 

20. A receiver according to claim 19 in which the estimating means is further connected 
to the first input means, for estimating the parameters based on information 
additionally received in the beam signal. 

21. A receiver according to claim 19 or claim 20, wherein the antenna signal includes a 
common pilot channel, the information being received in the common pilot channel. 

22. A receiver according to claim 19 or claim 20, wherein the beam signal includes a 
dedicated channel, the information being additionally received, in the dedicated 
channel. 

23. A W-CDMA system including a receiver according to any one of claims 19 to 22. 

24. A W-CDMA system including at least one mobile station including a receiver 
according to any one of claims 19 to 24, 

25. A receiver according to claim 21 or claim 22 wherein the antenna signal includes a 
primary common pilot channel 

26. A receiver according to claim 21 or claim 22 wherein the beam signal includes a 
secondary common pilot channel. 

27. A receiver according to claim 23 wherein the estimation of the interference power 
utilises pilot signals transmitted in the primary common pilot channel. 

28. A receiver according to claim 23 wherein the estimation of the interference power 
utilises pilot signals transmitted in the secondary common pilot channel. 

29. A receiver according to any one of claims 24 to 28 wherein the beam signal includes 
a dedicated physical channel. 



WO 02/054638 



PCT/EP01/1S1SS 



15 



30. A receiver according to claim 29 wherein the estimation of interference power utilises 
signals transmitted in the dedicated physical channel. 
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